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Abstract 
The microstructure of metals determines the space wise property values, and hence 'it 
is important to have specific knowledge about the microstructure of a metal before 
using it in a particular application. Traditionally, research work in this field primarily 
focuses on experimental determination of microstructure under different initial 
composition and numerous combinations of governing parameters of solidification. 
But dendritic microstructure is sensitive to small changes of conditions, and it is 
desirable to predict theoretically and computationally the microstructural evolution 
and the effect of the relevant governing parameters. 
Various numerical methodologies have been developed by researchers in the 
recent past to model the characteristics of dendritic growth and the associated phase 
boundary evolution in solidification problems. The most popular one among them is 
the 'phase-field approach' in which an auxiliary order parameter (the so-called "phase 
field") couples with the evolution of the thermal field. Dynamics of the phase field are 
designed to follow the evolving solidification front, thereby eliminating the necessity 
of any explicit front tracking. Although phase-field models have provided adequate 
basis for fundamental understanding of solidification morphologies, there are still 
some practical difficulties in using them for simulating large-scale or multi-scale 
solidification problems, especially cases involving fluid flow. Addressing multi-scale 
solidification issues in the framework of phase field models turns out to be 
computationally intensive in nature, if not impossible. Such computational 
complexities further increase for cases of dendritic solidification in presence of fluid 
flow. 
As an alternative approach, several researchers in the recent past have used 
modified Cellular Automata (CA) models for dendritic solidification simulations. 
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These techniques are based on special rules designed to represent heat transfer, 
interfacial curvature and liquid-solid phase transition in a solidifying system, without 
sacrificing any serious details pertinent to dendritic solidification morphology and 
interface growth conditions. However, in spite of their inherent computational 
simplicity, CA based models are yet to find wide applicability in simulation of 
realistic solidification problems. 
The model presented in this thesis is a modified version of enthalpy technique 
to simulate dendritic growth at the micro-scale, which can effectively make use of 
fixed-grid enthalpy based fluid flow solvers that have been successfully used to 
simulate complex alloy solidification problems at macroscopic length scale. Suitable 
modifications of the conventional enthalpy updating scheme are made. In addition, 
the model makes use of certain concepts from well-known CA-based micromodeIs 
such as the modeling of curvature undercooling, anisotropy of surface energy at the 
interface and influence of thermal noise. 
As a demonstration of the method in the present study, we simulate the 
evolution of individual free equiaxed dendrites growing in an undercooled melt in a 
cavity cooled from all the sides. Heat is being extracted fiom all the four walls of a 
square domain, at a constant rate. In this thesis, dendritic growth under two different 
situations is considered. In the first case, we assume that the under-cooled melt is a 
pure material (aluminium is chosen in this case). The second case corresponds to a 
binary alloy (Pb 15 wt. pct. Sn, in this case) in which micro-segregation, solutal 
undercooling, and solutal buoyancy effects come into the picture, making the situation 
more complex. In both cases, we first consider dendritic growth under the influence of 
heat conduction only (i.e. in absence of fluid flow). Only the energy conservation 
equation (heat diffusion equation) along with phase change considerations is solved in 
these cases. To simulate the effect of a forced flow on dendritic growth, a uniform 
flow is introduced through one side of the boundary. When melt convection is 
considered, equations of mass, momentum and energy conservation are solved. In 
case of binary alloys, the species conservation equation is solved additionally. For 
temperature-solute coupling, the phase diagram for the binary alloy is taken to be 
linear for simplicity. For solution of the conservation equations, a finite volume 
method in a two dimensional Cartesian coordinate system is used. 
The effects of various governing factors such as degree of initial undercooling, 
interfacial curvature value, level of thermal noise present in the system and strength of 
convection current (both solutally and thermally driven) are studied. It is observed 
that the growth is more for higher degree of initial undercooling. The curvature of the 
dendrite tip introduces additional effect of undercooling which increases the growth 
near the convex tips and reduces the same near the concave branching points. Noise 
due thermal fluctuation introduces perturbation in the system and the undercooled 
melt pool allows the perturbations to grow. The more the level of noise, the more 
branched out structures we get. With convection current in a particular direction, we 
get an asymmetric microstructure. The flow increases the heat transfer rate at one side 
and hence more growth in that side. On the other side, we get comparatively less 
growth because of the velocity shading. For a binary alloy, as dendritic arms grow, 
solute gets rejected and solutal undercooling effect comes into picture. This micro 
segregation aIso causes heat and mass transfer through buoyancy driven solutal 
convection. 
The present study provides the basic foundation for an enthalpy-based 
methodology to simulate micro scale solidification of both pure metal and binary 
alloys. The model can easily be extended to three dimensions, based on which one can 
make realistic predictions of some important features of solidification microstructure. 
